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SPATIALLY-ADDRESSABLE IMMOBILIZATION OF OLIGONUCLEOTIDES 
AND OTHER BIOLOGICAL POLYMERS ON SURFACES 

BACKGROUND OF THE INVENTION 

■p-iiaid of - t-iift inv ention . _ - 

The present invention relates generally to methods 

^ expositions useful for synthesis, and 
oligonucleotides ana other biological polymers on -»*^~ 

J«U« W*"*- 1 ' varied 

oligonucleot^es ~ ^-^-J^ ^ion has 

^TcaTicr: *Z fields of molecular biology, biochemistry. 
pLrmaoology, and medical diagnostic technology. 

n - r r1r 4-<»Ti of Rel ated Art 

ppBCTiip^ - ~ __ e known for attacking 

Many different methods are Known 

biological molecules to solid ^^^T*!' — 
(ea . ».B. Jakoby and «. Wilchek, Acad. Press, HY 1974) an 

Hed. Biol. iZ *• Wem - f^I^ure also 

Iterated herein by reference. The ^° 
scribes a number of different methods for attaching 
btoloTi^al molecules to solid supports, .or example, «... 
biological ^ aescribes a method for modifying a polymer 

Patent No. l - 2 * 2 -™ application of multiple layers 

surface through the successive 4,562,157 
of biotin, avidin, and extenders. D.S. Patent »° «' • 
aLcrlbe^ a technique for attaching biochemical ligands to 
surfed W attachment to a photoohemically reactive arylaside. 
^atiol of the aside creates a reactive ni«ene^t reacts 
irreversibly with macromolecules in solution »-»»» » 
^«rof a covalent bond. The high reactivity of the 
nl^rene LLrmediate, however, results in both low couplu,g 
affixes and many potentially unwanted products due to 
nonspecific reactions. 
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U.S. Patent No, 4,681,870 describes a method for 
introducing free amino or carboxyl groups onto a silica matrix; 
L ^oaps m av subsequently be covalently linked to a protein 
in the presence of a carbodiimide. Also, U.S. Pa _ 
4 762,881 describes a method for attaching a polypeptide chain 
to a solid substrate by incorporating a light-s6nsitive 
unnatural amino acid group into the- polypeptide chain and 
exposing the product to low-energy ultraviolet light. 
^ A variety of techniques have also been developed for 

attaching oligonucleotides to surfaces. For example, U.S. 
Patent No. 4,542.102 describes a method employing a 
photochemxcally active reagent (e.g., a psoralen compound) and 
a coupling agent, which attaches the photoreagent. to the 
substrate. Photoactivatioh of the photoreagent binds a nucleic 
acid sequence to the substrate to <,ive a surface-bound probe 
for a complementary oligonucleotide. However, this method has 
low quantum yields in protic solvents, lacks spatial 
oirectability, and relies upon initial affinity between the 
photoreagent and nucleic acids to bind the nucleic acids to the 
surface prior to photoactivatioh. 

U.S. Patent No. 4,937,188 describes methods for 
forming maleimide-thiol linkages between a solid support and a 
molecular tether, in one example, thiol groups on -pharose 
are reacted with maleimide groups on an UNA polymer, which 
serves as the tether, and the RNA polymer is reacted with a 
protein, also via a maleimide-thiol linkage. In another 
example, maleimide groups immobilized on a solid support are. 
reacted with sulfhydryl BNiVse forming KNAse-agarose. U.S. 

Patent No. 5,011,770 describes the use of * ^^^^ 
linkage to bind an enzyme label to a binding protein which in 
turn binds to single stranded DNA. The patent describes that 
the binding protein can alsp be attached to a solid support. 
The maleimide-thiol linkage is thus spatially separated, from 
the actual linkage between the peptide and the solid support. 

PCT patent publication No. 90/07582 describes 
polyacrylamide supports on which are immobilized 

Oligonucleotides. The oligonucleotides are denvatized at the 
5 . -terminus with thiol groups that are reacted with bromoacetyl 
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ditti ° ^Immobilization of biological powers on solid 
supports has also had ****** *~>* =n aru, discovery an. 
LScal diagnostic methods, one important invention inthese 
^Ms is describe in O.S. Patent Mo. 5,143.854 and £e 
continuations-in-part of that ~" ^ £££ 

, filed December 6, 1990, and serial Ho pirrung 
6. 1991. and in PCT patent publication Hos. !«/ ™ = 
, ^ 0 ,,, OM 2 to Fodor et ai., each of which is 

Incorporated h r in S • » ^ «— 

^e methods and reagents for synthesizing very large 
, numbers of different compounds, particularly biological 
nosers in distinct and spatially-addressable locations 
U TTZ small area on a substrate. Another description of 
£e me^d is found in Podor a* al- , 15 *eb. 1991^ 
,51=767-773. and the integration of the method with other 

^ Hncrribed in Dower and Fodor , xssi, 

rr-i ecoverv methods is aescrioea -" x 
^! £T1£ » related method uses a 

^httoactivateable derivative of biotin as the agent for 
immobilizing a biological polymer of interest ■ «t o a solid 
support; see PCT patent publication »o. 91/07087 to Barrett et 
.5 al. , incorporated herein by reference. 

~~ Recent approaches to genetic analysis are 

increasingly placing ^TJZ^TL 

parallel nyoria. ,, lacmos i s of genetic disorders 

30 arrays for tissue typing or incorporated herein 

(see PCT patent publication No. 89/11548, incorp 

by reference), DNA seeing * *»«^^ ~ publication 
fingerprinting, ^ genetic mapping <~ « paten^ ^ 
Nos. 92/10587 and 92/10588, eacn or 

. . ^ reference; see also Khrapko e£ ai. , 1991, £. 
35 herein by appl ications of probe arrays. 
Sea. Map. i:375-3S»j. X11 ^ ^k^t- 



§ea. Map. 1.37 5 « incr eases as the number of 

the information content of the array in dictate d 
probes is increased. The size limit of the array 
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wth . ability to automate and miniaturize the fabrication of 

**" ^'aus, there exists a need for improved methods for 
attaching a broad range of anti-ligands to predefined regions 
^TsoIId support surface. The mettods — " fe «^«^ - 
provide stable attachment of selected ^^J"J^"*Z 
surface regions, yet attachment should be restncted to the 
abated regions. The present invention fulfills these and 



SUMMARY OF THE INVENTION 
Novel methods and compositions of matter are provided 
for synthesizing and Mobilizing oligonucleotides and ottxer 
biological polymers on predefined regions of a surface of a 
so-li/support. The methods involve attaching to . the surf ace a 
thiol functional group protected with a photoc*emxcal 

^ Has very lovr reactivity for 

protecting group so that the thiol has yery ^ 

other functional groups reactive wxth thxols- 
thiol is convertible by irradiation to a fully reactxve thiol 
^pable of immobilizing a desired biological polymer ^suchas a 
nucleic acid, protein, polysaccharide, or a monomer budding 
bioc* for such polymers. Predefined regions of the surface are 
selectively irradiated to convert the protected thiols xn the 
predefined regions to reactive thiol groups. The desxred 
biological polymers (or monomer) subsequently can be 
immobilized on the activated regions of the surface. 

The spatial- addressability afforded by the method of 
the present invention allows the formation of patterned 
surfaces having preselected reactivities. For example, by 
using lithographic technics Known in the r^f^ 
industry, lignt can be directed to relatively ^ 
precisely Known locations on the surface. Thus the pres< 
Invention can be used to activate discrete, ***«? e ^ 
^cations on the surface for attachment of biclcgxcal polymers 
The resulting surface will have a variety of uses. For 
example, direct binding assays can be performed in which 
nucleic acids in a sample can be simultaneously tested for 
affinity to a number of different oligonucleotide probes 
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attached to the surface. Binding can be detected by a 
:^e such as autoradiography .hen one of the bmding 
.oieties is radioactively labelled. Alternatively, 
^cence and optical measuring technics can b^usedto 
aetect the binding. By determining the locations "-«■"■*•* 
Till on the surface, one can simultaneously screen Irgands for 
affinity to a plurality of anti-ligands . 

Thus! the present invention provides methods for 
v. -n^™, arrays of biomolecules using photolithographic 
SSLTS. — Cvia.es the nee, to 
spatially, because the substrate is unreactive until 
s^es are activated with light. Xn one embodiment, the method 
Solves the light-directed immobilization of oligonucleotides 
oTa glass surface derivatized with a caged thiol reagent. The 
: et LfLn be used to fabricate large arrays of oligonucleotide 

Pr0beS * A further understanding of the nature and advantages 
of the invention may be realized by reference to the remaining 
portions of the specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 presents the results of fluorescence 

~* » «i i de on which a variety of activated 
excitation scanning of a slide on wnicn llnkaoe 

. i_.„KiH»ed through covalent linKage 
oligonucleotides have been immobilized tnroug 

to thiol groups on the slide,- the results show that 

oligonucleotides activated with succiniiaidyl 6- 

ma ieimidylhexanoate are preferred for coupling 

group-containing solid supports of the present invention (see 

Example 3).^ ^ presents ^ resu lts of fluorescence 
excitation scanning of a slide on which oligonucleotides have 
^immobilized through covalent linKage to thiol groups on 

Been unmoexj. . ,, ifferent additives; the results 

the slide in the presence of ^««"^ de tergents do 

show that the anionic, zwitterionic, and ^ 
i not appear to enhance coupling efficiency; the salts TMAC 
ftrimethylammonium chloride) and Licl give a moderate 
Indent in coupling efficiency; and the catiomc detergent 
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MM causes a large enhancement in ceding efficiency at 
relatively low concentrations (see Example 4) . 

* J • 

* •* 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following terms have tb» following. meanings and 

abbreviations as used hereint . . c+ ~„ lf rtii-re 

-Surface- is any generally two-dxmehsxonal structure 

on a solid substrate and may have steps, ridges, kinks, 
terraces, and the like without ceasing to be a surface. 

-Predefined Region" is a localized area on a surface 
which is or is intended to be activated. The predefined regxon 
xoay have any convenient shape, e.g., circular, rectangular, 

elliptical, ^ iinking Gj . oupM is a bifunctio nal chemical 
' entity that serves to connect a binding member to a *^ face ; 

^ cro-^g ~ -^rsrr^s^ 

different chemical reactivities on either em 

. 9r ° UP ' -Biological Polymer" i* « compound composed of 
monomeric units linKed to one another that has 
activity or is reactive with a compound that has biological 

Hucleic acids such as BHA and DH& are biological 
S^rs, and peptides, proteins, and -bohydrates^re also 

, 5 bio^gical polymers. Synthetic. non- M tur^ly occurring 

monomers can be used to construct a biological polymer. For 
instance, carbamates, phosphorates, sulfonamides, and 
sulfoxides are examples of monomers that can be used to 

construct biological polymers. „, ™„i~-ules 

,„ -anti-ligand- is a molecule or a complex of ™1<*°*<* 

that has an affinity for a given ligand and can be immobilized 
Tn a predefined regioh of a surface, Anti-ligands may be 
naturally-occurring or synthetic molecules- ^-*>~*"-~ 
ne employed in an unaltered state or as aggregates with other 
35 "ecies to ti-ligands can be reversibly a 
or noncovalently, to a binding member, either directly or via a 
" "ific binding substance. "SeVersibly attached- means that 
Z "Ling of the anti-ligand (or specific binding member or 
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. , ^ . „ 4-v,Drpfore. a substantially non- 
i is reversible and has, thererore, <* 

ligand) is rever reversible attachments 

zero reverse, or unbinding, rate, fuca ,^ W ctatic 
arise from noncovalent interactions, such as electrostatic 
forced van der W aals forces, hydrophobic (i.e., entropic) 
a " the liKe. Furthermore, reversible attachments 
forces, <u»* covalent bondxng 

also may arise from certain, but not all. coval 
reaction. Examples include, but are not limited to. 
attachment by the formation of hemiacetals, hemiKetals, immes, 
^"is. and the li*e (See, Morrison f ,1- . 

, TZutt. 2nd ed.. Ch. 19 (1966). which is incorporated 

' reference, . Examples of anti-ligands that can he 

^yed in the practice of the present invention includ^ 
Jt are not restricted to. receptors, such as cell 
^T M those of B-cells, T-cells, and macrophages, receptors, 

5 Clonal and monoclonal antibodies, and antisera reactive 
with specific antigenic determinants (such as on viruses 
ce^s, or other materials, . hormones, drugs, oligonucleotides. 
P^tMes. enzymes, lectins, sugars, oligosaccharide^ cells^ 
cellular membranes, cellular membrane transport proteins, and 

„ organelles. _ ^ ^ recognized by 

a particular anti-ligand. Examples of ligands that can be 
investigated with the present invention include, hut are not 
"striked to , agonists and antagonists for cell membrane 
)5 receptors, toxins and venoms, antigenic determinants, such as 
!5 receptors, _.-»«, steroids, peptides, enzyme 

viral epitopes, hormones, opiates, sterols, f i- 

substrates, oofactors, drugs, lectins, sugars, 
oligonucleotides, oligosaccharides, and proteins. 

The present invention provides methods for forming 

30 predefined regions on a surface of a solid support wherein the 
predefined regions comprise caged ^.^^/^ 
activated and then used to immobilize Uganda and/or antl 
ligands. The caged thiols attached to the surface can be 
selectively activated in predefined regions ~ 
, • v„„.. The activated thiols are then used to immobilize 

35 linkages. The on ^ prede fined regions of the 

^T'^ ^ Procedure'can be repeated at the same or 
alf/eTent sites on the surface so as to provide a surface with 
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a plurality of regions containing the same or different ligands 
or anti-ligands. When the anti-ligands nave a particular 
affinity for one or more ligands, screenings and assays for the 
ligands can be conducted in the regions of the surface 
5 containing the anti-ligands. 

The present method employs novel caged thiols 
attached to the substrate. Caged (unactivated) thiols have 
relatively low reactivity with functional groups typically 
reactive with thiols when compared with uncaged thiols. Thus, 
10 the caged thiols are protected until a suitable source of 
energy is applied to the regions of the surface to be 
activated. Upon application of a suitable energy source, the 
caging groups labilise,- thereby presenting the thiol. 
Typically, the energy source will be light. Once the thxols on 
15 the surface are activated, the thiols can be attached to and 
reacted with a biological polymer of interest, typically a 

nucleic acid or other anti-ligand. 

Prior to activation, however, the thiol groups on the 
surface are -caged- with a protecting group. The protecting 
20 groups can either be attached to the compounds carrying the 

thiol functional group after those compounds have been attached 
to the surface or, more preferably, the protecting groups will 
be attached to the compounds carrying the thiol functional 
group prior to attaching the thiol functional group to the 
25 surface. Surface attachment of compounds carrying a thiol 

group or protected thiol group can be effected through the use 
of crosslinking groups. The crosslinking groups will usually, 
though not always, be- heterobifunctional chemical species 
having- a first reactivity that permits the crosslinking group 
30 to bind readily to the surface and a second reactivity that 
permits the crosslinking group to *ind readily with compounds 
carrying a thiol group or protected thiol group. 

• as noted above, predefined regions on the surface can 
be activated for ultimate immobilization of anti-ligands in the 
35 predefined regions by selectively irradiating predefined 
regions to convert photoactivatable thiol groups in the 
predefined region to fully, reactive thiol groups. The free 
protecting group may or may not undergo decomposition 
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reactions. The byproducts of irradiation of the protecting 
group will usually be washed from the surface if the byproducts 
interfere with subsequent reactions. 

An immobilized anti-ligand on a surface wa.ll have a 
specific binding affinity for a particular ligand. If a 
surface comprising immobilized anti-ligands is exposed to a 
labeled ligand under conditions conducive to ligand bxndxng to 
anti-ligand, then the resulting surface can be washed free of 
unbound ligand and analyzed for the presence of labeled ligand. 
The labels will provide markers localized at the predefined 
regions on the surface corresponding to the presence of antx- 
ligands for the ligand at those predefined regions. The 
presence of target ligand can be determined by analyzing 
appropriately for the loss or buildup of label on the 
predefined regions of the surface. 

To prepare the surface comprising immobilized 
biological polymers of the invention, one first selects a 
substrate for surface modification. Virtually any solid 
substrate can be employed in the method of the invention, 
substrate can be biological, nonbiological , organic, inorganxc, 
or a combination of any of these materials, existing as 
particles, strands, precipitates, gels, sheets, tubxng, 
spheres, containers, capillaries, pads, slices, films, plates, 
slides etc. The substrate can have any convenient shape, such 
as a disc, square, sphere, circle, etc. The substrate and the 
surface of the substrate preferably form a rigid support on 
which to carry out the reactions described herein. 

The substrate and the surface should also be chosen 
to provide appropriate light-absorbing characteristics. For 
instance, the substrate can be a polymerized Langmuir Blodgett 
film, functionalized glass, Si, Ge, GaAs, GaP, Sx0 2 , SxN 4 , 
modified silicon, or any one of a wide variety of polymers such 
as (poly)tetrafluoroethylene, (poly) vinyl idenedi fluoride, or 
combinations thereof. Other substrate materials wxll be 
readily apparent to those of skill in the art upon review of 
this disclosure. In a preferred embodiment the substrate xs 
flat glass or single-crystal silicon with surface features of 
less than 10 angstroms. 
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surfaces on the solid substrate will usually, though 
not always, be composed of the saxae material as the substrate. 
Thus, the surface may be composed of any of a wide varxety of 
materials, for example, polymers, plastics, resxns, 
polysaccharides, silica or, silica-based materials carb «\ 
metals, inorganic glasses, membranes, etc., provxded only that 
caged thiols can be attached to the surface of the substrate. 
Preferably, the surface will contain reactive groups, whxch 
could be carboxyl, amino, hydroxyl, or the like. Most 
preferably, the surf ace will be optically transparent and wxll 
have surface Si-OH functionalities, such as are found on 

silica surfaces. . , 

The surface of the substrate is preferably provided 

with a layer of crosslinking groups, although one of ordinary 
skill will understand that the crosslinking groups are not 
required elements of the invention. The crosslinking groups 
are preferably of sufficient length to permit thiol groups on 
the surface, as well as biological polymers covalently attached 
to the thiol groups, to interact freely with compounds xn 
solution. Crosslinking groups can be selected from any 
suitable class of compounds, for example, aryl acetylenes, 
ethylene glycol oligomers containing two to ten monomer unxts, 
diamines, diacids, amino acids, or combinations thereof . Other 
crosslinking groups may be used in view of this disclosure. 

crosslinking groups can be attached to the surface by 
a variety of methods that are readily apparent to one Havxng 
skill in the art. For example, crosslinking groups may be 
attached to the surface, by siloxane bonds formed via reactxons 
of crosslinking groups bearing trichlorosilyl or trisalkoxy 
groups with hydroxyl groups on the surface of the substrate. 
Preferably, the crosslinking group used with a glass surface xs 
t-BOC-aminopropyltrie^oxy^ilane. The crosslinking groups can 
optionally be attached in an ordered array, i.e., as parts of 
the head groups in a polymerized Langmuir Blodgett fxlm. 
Clearly, the type of crosslinking group selected, and the 
method selected for attaching the crosslinking group to the 
surface, will depend primarily on the crosslinking group havxng 
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suitable reactivity with the expound carrying the thiol group 
desired to be attached to the surface. 

Additional length nay be added to the crosslink 
™™ by the addition of single or multiple linking groups. 
sTch lining groups are preferably heterobif unctional . having 
one end adapted to react with the crosslink^, groups and the 
other end adapted to react with the compound carrying 

or another linking group. The linking groups -ay be 
Cached by a variety cf methods that are readily apparent to 
onTskluea in the art. for instance, by esterification or 
TdaTion reactions of an activated ester of ^inkrng group 
with a reactive hydroxyl or amine on the free end of the 
crosslinking group. A preferred linking group is N-BOC-6- 
aminocaproic acid (or ..-BOC-6-a.inohexanoic acid attached by 
the BOP-activated ester. After deprotection to liberate the 
rree^mine terminus, another H-BOC-aminocaproio linker can be 
added. Attachment of crosslinking and linking groups to caged 
thiol compounds are discussed more fully belo »: 

Kany methods are available for immobile xng the 

• _ «w. <-hinl orouo of the present invention on 
compound carrying the thiol group oi n„v» a 

surfaces. The compound carrying the thiol group — 
to the surface and later provided with protecting (caging) 
groups. «or. preferably, compounds carrying ^ ^ 
will be attached to the surface in a protected form. The 
method chosen for linking the compound carrying the thio L group 
to the surface will depend upon the chemical Properties of the 
Lpcund carrying the thiol group selected for attachment to 
3urf.ee A preferred method for immobilizing *he -poun* 
carrying the thiol group of the present invention involves 
ctemLI derivation or activation of the oaged compound 
carrying the thiol group prior to attachment to the surface or 

li,,ker ' This derivative or activated species is then reacted 
with functionalities on the substrate to give the desired 
linkage. Tor example, one method for attaching a compound 
linrage. * *- t?ii _ f: _ f , ft emoiovs a bif unctional 

carrying the thiol group to a both activates 

crosslinking reagent, such as —^^^ „ activatea 
the surface and provides a group that reacts with an 
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compound carrying the ttUl group.. "^^'^^ ta 
surfaces can be activated with cyanogen bromide. Likewise in 
^ presence or a carbodiimide or other activate agent for 
esamlle, an amine group on the surface can be coupled to a 
^Lyl group of a compound carrying the thiol group to effect 

the immobilization* *-w4«i 

In one embodiment, the compound carrying the thiol 

gr oup is a caged cysteine, or other thiol-containin, synthetic 
Z natural amino acid, such compounds are useful in a wide 
variety of applications; for instance, one could carry out 
amino acid addition on either the amino or carbo*yl groups 
of the protected cysteine and then, after photoactivation, 
derivative the side chain of the cysteine residue, such 
techniques will often employ different classes of protecting 
groups; so that one can modify the i.mobiUzed molecules at 
different reactive groups. These techniques include^ 
Ration, where the evocation step is controlled by the 
use of protecting groups on the two amino acid 
undergoing cyolization that are different from the P^ectin, 
^ps on amino acid residues that are not to be 
y ^ . ■ - . , - T „. 7Q /r 707 filed November 22, 

U.S. patent application serial Nos. 796,727, m 

1991, and 946,239, filed September 16, 1992, each of waxen is 
incorporated herein by reference. 

Many different protecting (caging) groups can be 
employed for modifying thiol groups to give the caged thiols of 
the present invention. The protecting groups should be 
Really large enough to reduce the reactivity of the caged 
thiol with other substances to permit operability of the 
Mention, although protecting groups * 
interactions, such as Electronic, hydrophobic, «*^^ ^ 
used. The selection of suitable caging groups «U de *^ d 
the size and chemical nature of the compound 

group chosen and will- be readily apparent to one skilled in the 

The caging groups are photoactivatable. The 

^ „v-4. nrea ctive caged compounds have been 
weooerties and uses of photoreactxve wiy *■ 

reviewed. See MCCray St ai„ to, ten- ■«< «W- 
Chem. 18=239-270, which is incorporated herein by reference. 
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Prefers, the photosensitive cages will be activatable by low 
™1Z .Jraviolet or visible light. Many, although not all. 
7Z photosensitive protecting groups are aromatic compose, 
suitable photoremovable protecting group, are also described 
■ in, for example. PatchomiX, 1970, a. *> ^ Sas, S2: «33 , 
and Amit St Bl- , "74, J. 2X3- fl>S»- 

incorporated hereinby reference ^ 

r^erTe. Tore Prefer^iy.-e photosensitive protecting 
0 ZoZ will be a nitro bensylic compound, such as o-nitrobensyl 
or bensylsulfonyl groups. In a preferred embodiment, 6- 
nitroveratryloxycarbonyl (HvOC) , 6-nitropiperonyloxycarbonyl 
(MPOC) ; alpha, alpha-di^ethyldtaethoxybenzyloxycarbonyl (DDZ) , 
methyl 6-nitroveratryloxycarbonyl (MenVOC) , «ttJl-»- 
L5 nitropiperonyloxyoarbonyl (MeNPOC) , or 1-pyrenylm.thyl i. 

e " Pl ° Yed ' clea n y , many photosensitive protecting groups are 
suitable for use in the present method. Some examples of 
acceptable photosensitive protecting groups are presented in 
a o Table 1, below, together with their corresponding wavelengths 

for deprotection. 

Table 1 
T>rotect:ir.q Groups 

n-o pT-o-berrhion Wa velength 

25 ^Lveratryloxycarbonyl (KVOC, W (300-350 nm, 

a imethyldimethoxyben,yloxycarbonyl (DDZ) OV (280-300 nm 

ajmeinyiQ"" j dv (300-350 nm) 

nitrobenzyloxycarbonyl (HBOC) > 

5 -bro»o-7-nitroindolinyl (BHI) °* < 42 ° "»> 

30 Lhydroxy-alpha-methyl-cinnamoyi (BMC) £ (300-35 nm, 

2-oxymethylene anthraquinone (OMA) ™ 0=° ■»> 

once the surface is covered with a plurality of caged 
thiol groups, selected regions of the surface may be irradiated 
35 t o provide free thiols on the surface. In a 

embodiment, the radiation is UV, near IR, or visible light. 
The light source may be coherent or noncoherent In some 
embodiments, the exposed area is less than about 1 cm or less 
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^ *. i mwl 2 t„ r>referred embodiments the irradiated ar< 

than about 1 ■ • 1X1 P 1 -^ 1 '^^ . , . , 

.will he closed of a pattern of seller, discrete xrrad-ted 
areas, each of which is less than about 10,000 ^ or -re 
preferably, less than about lOO.jrf- Preferably each 
s Individual synthesis site in the pattern is about ^50 to 500 

rf. spaces between activated regions are not optional and xf 
^ed, will generally be greater than about 1 M*. ~~ ° f 
t*. surface to light will typically be carried out wxth a 
suitable mask using photolithographic techniques well Known in 
0 the semiconductor industry and described in, for example Sze, 
VLSI T^n^L. McGraw-Hill (198*) , which is incorporated 
herein by reference. See U.S. Patent No. 5,143,854. 

in one embodiment, the mask is a transparent support 
material coated with a layer of opaque material (i.e. , chrome- 
5 plated glass) . Portions of the opaque material are removed (or 
^ef deposiU , ^ing a pattern that matches the precise 
pattern desired on the substrate surf ace. Alternatively the 
mask can be a sheet or film composed of a non-transparent 
substance (i.e., anodized aluminum, ,- which sheet « 
■O been perforated ixi the desired pattern. B~ i^e 
into close proximity with or directly- into contact with the 
surface. Openings in the mask correspond to ^T^Z^m 
surface where one desires to photoremove protecting groups from 
thiol groups. Alignment may be performed using conventional 
ZS alignment techniques in which alignment marks are 

overlay accurately successive masks with previous patterning 
steps. Other alignment techniques may be used, for example, 
interferometric techniques such as the one described in _ 

„ i T077 Atsn Phvs ; Lett . 3i: 42 6-428, which is 
Flanders et al . , 1977, aeh- r ll r ±^ — — 

30 incorporated herein by reference. ^ 

To enhance contrast of light applied to the 
substrate, one may place contrast enhancement 
the mask and the substrate. This contrast enhancement layer 
may comprise a molecule, such as ^inone diazxde, which is 

^ i4rrw- The light may be from a conventional 
35 decomposed by lights Tne xigw- x 

incandescent source, an arc lamp, a laser, or the like. If 
noncoherent sources of light are used, one may utilize a thick 
or multi-layered mask to prevent spreading of the light on the 
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. * Generally, lasers may be preferable, because lasers 

primarily h . 

wnixe u*x k to illuminate the 

- use or a light source and masK w ixxuuu. 
5 by way of the use ox a y d For example, the 

SU bstrate, other techn^es may also QI 

^TTa^soZT TJ^^s are discussed in, for 
dl ode ixght source ^ ^ incorporated 

example, U.S Patent may be irradiated either xn 

10 herein by reference. ^ subs y ^ ^ 

contact with or not xn contact wxtn 
Radiated in contact with a solution. 

^ T L solution may contain reagents to prevent 

_ _ , ^aiation from interfering with subsequent 
byproducts of xrradxatxon rrom inc iude. for example, 

. lnno such byproducts might xncxuae, 
15 binding reactions . sucn oyp s tyrene derivatives, 

oarbon dioxide ^^^^^ical reasons 
indole derivatives, -gaoled \o\he solution may include. 
of sucn compounds «eag*n« ^ sabsti tuted 
for example, acxdxc or basxc Dune , 

20 hydrates ana ^"^re ^^T^ 

or .^te , ~ glyoxylic .cia aryl 

actional group (e.g., aryl ni * protecting 

lorn hydroxamate plus C0 2 ) . PrereraDij , 

Y . , . h<s „iectea that ao not cause significant 
groups will be re actions. Also, wash steps can 

25 interference with the binding 1 Interfere with 

be incorporated so that the byproducts do not interfere 

^^c; localization of the anti-ligand is complete, the 
liaht pattern can be changed and the same or a different anti- 

discrete sites on the- surfa preferred embodiment, a 

acids are especially preferred. In a preierr 
plurality of nucleic acid anti-ligands are " * 

surface * first attaching photoreactive caged thiols to the 
Surface The caged thiols on a predefined region of the 
35 surface. Tne » reactive thiol groups, 

surface are exposed to light to g are then 
The reactive thiol groups on tne p - nt i-ligand to be 

incubated with a f irst activated nucleic acid antl ligan 



PCTAJS93/03767 

WO 93/22*80 

16 

immobilized, the surface is washed free of unreached nucleic 
acid and the surface is incubated with a desired ligand. The 
exact incubation conditions, e.g., time, temperature, pH, etc., 
will depend upon tha spfecies used and will be readily apparent 
to one slcilled in the art. After washing the surface free of 
unbound nucleic acid, the above steps can be repeated on a 
different region of the surface with a different nucleic acid, 
in this fashion, a small, dense array of, e.g., oligonucleotide 

probes, can be prepared. _ _ 

A surface prepared according to the methods described 
above can be used to screen for ligands having bigh affinity 
for immobilized anti-ligands. . Screening can be performed by 
immobilizing a plurality of anti-ligands on predefined regions 
of a surface by the methods described above. A solution 
containing a marked f la*>elled> ligand is introduced to the 
surface and incubated for a suitable period of time. The 
surface is then washed free of unbound ligand, and the anti- 
ligands having high affinity for the ligand are identified by 
identifying those regions on the surface where markers are 
located. Suitable markers include, but are not limited to, 
radiolabels, chromophores, fluorophores, chemiluminescent 
moieties, and transition metals, when autoradiography is the 
detection method used, the marker is a radioactive label, such 
as 32 P The marker on the surface is exposed to X-ray film, 
which is developed and read out on a scanner. An exposure time 
in the range of 1 to 24 hours is typical. Fluorescence 
detection using a f-luorophore label, such as fluorescein, 
attached to the ligand will usually require much shorter 
exposure times. Alternatively, the presence of ligands may 
be detected using, a variety of other techniques, such as an 
assay with a labelled enzyme, antibody, or the like. Other 
techniques using various marker systems for detecting bound 
ligand will be readily apparent to those skilled in the art. 

See U.S. Patent No. 5,143,854. 

in a preferred embodiment, a substrate prepared as 
discussed above can be exposed to a solution containing one or 
more ligands such as nucleic acids. The ligand can be labeled 
in any of a variety of ways, but in one embodiment, the ligand 



0 



L5 



20 



25 



PCT/US93/03767 

WO 93/22680 



17 



3Q 



is an oligonucleotide probe having a radioactive 
\IZ The ligand nucleic acid binds (hybridizes, with hxgh 
arftxty to an Mobilized nucleic acid previously localized on 
the surface and to the complementary labeled P~> be - 
Hybridization conditions are Known in the art, but 
of the invention allow one to use very small volumes of target- 
containing solution for analysis. In fact, by using 
micropipets to deliver very small volumes (i.e., 1 to 5*L 
or less) very precisely, one can allow evaporation to drxve 
hybridization. After washing the surface free of 
nonspecifically bound ligand and labeled probe the surface 
is placed proximate to X-ray film, if a radioactxve label 
is employed, to identify the nucleic acids on the surface 
complementary to the nucleic acid ligand. Alternatively, 
a fluorescent label can be used, and detection can be 
accomplished with a charge-coupled device (CCD) , ™s*ence 
microscopy, or laser scanning. A related lab 
involves the use of a labeled probe in solutxon that wxll 
hybridize with the target nucleic acid ligand without 
interfering with hybridization of the ligand to the 

immobilized probe. 

in another embodiment useful for performing many 

parallel hybridization reactions in solution in a single 
reaction vessel using an immobilized array of probes, one uses 
a set of capture probes in solution. The capture probes are 
designed to have a sequence complementary to the target 
sequence to be detected and a sequence complementary to an 
JLilized probe located at one or more discrete locations on 
the surface of the substrate. In this system, exther the 
capture probe is labeled or another labeled probe complementary 
capture P t detected is employed. This system 

to the target sequence to be detected is «n*> ;r 

allows the hybridization of probe to target sequence to be 
carried out in solution, because the immobilized probe array 
d oes not have to be (but can be, if desired, present in the 
reaction mixture during hybridization of the capture probe to 
the target sequence. This system also allows one to desxgn the 
capture sequence, the complementary sequence of nucleotxdes xn 
IZ immobilized probe and the capture probe, without constraxnt 
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from the target sequence. These advantages allow one to 
perform an assay, for many different target nucleic acids 
simultaneously and yet still identify whether any partic 
target nuclexc acid is present in the sample tested. 

quantitative assays for ligand concentrations can 
also be performed according to.the present invention. !n a 
direct assay method, the surface containing localized anti- 
ligands prepared as described above is incubated with a 

9 " . * , _ lab eied ligand for a suitable period of 

solution containing a lafieiea iig<". , A ^ nr ^ mh & 

time. The surface is then washed free of unbound ixgand The 

amount of label present at predefined regions of the surface is 
then measured and can be . related to the amount of Ixgand xn 
solution. Methods and conditions for performing such assays 
are well-known and are presented in, for example. Hood et al. , 
^unology. (Benjamin/Cummings 1978) and Harlow et ai,, ^ 
Antibodies: A Juratory, IJanuai (Cold Spring Harbor Laboratory 
1988), each of which is incorporated herein by reference. See 
also U.S. Patent No. 4,376,110, incorporated herexn by 
reference, for methods of performing sandwich assays. The 
precise conditions for performing these stepswill be apparent 

to one skilled in the art. 

A competitive assay method can also be employed using 
the methods and reagents of the present invention. Such a 
Method involves immobilizing anti-ligands on predefined regions 
of a surface as described above.. An unmarked ligand xs then 
bound to anti-ligands on the surf ace having specific binding 
affinity for the ligand. A solution containing marked ligand 
is then introduced to the surface and incubated for a suitable 
time The surface is then washed free of unbound reagents, and 
the amount of marker remaining on the surface is measured. 
Alternatively, marked and unmarked ligand can be exposed to the 
surface simultaneously. The amount of marker remaining on 

regions of the surface can be related to the amount 




of unknown ligand in solution. 

The invention is illustrated in the Examples below 
primarily with reference to the identification of specific 
nucleic acid sequences in a sample. The invention will, 
however, find many other uses. For example, the invention can 
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be used in information storage (e.g., on optical disks) , 

paction of molecular ^^TZTtZ^on 
stationary phases in separatxon sciences, ana i 

oHells proteins, lectins, nucleic acids, ^vsacc^ridas and 
the like in any desired pattern on a surface vxa molecular 
reception of a specific anti-ligand linked via a thiol group 

*o a surface of a substrate. 

The above description is intended to be illustrative 
end not restrictive. Many embodiments will be apparent to 
^hose of skill in tie art upon reviewing the above description 
The scope of the invention should, therefore, be determined not 
with reference to the above description or the following 
^les, but should instead be determined with reference to 
Z. appended claims, along with the full scope of equivalent* 
to which such claims are entitled. 

Kxample 1 

rrrr -, r ^~- ^ ^t.at o ™« Thiol -derivariz^ Surface 
T)r P nar^^" S "^*—*i-* Surface 

commercially available glass microscope slides (for 
example 1" x 3- smooth cut, 0.7 mm thick, anti-scratch coated 
example, i i-hiet anti-scratch coated 

slides or 2" x 3" smooth cut, 0.7 mm thick, anti 
slides from Erie Scientific) were derivatized with t-BOC- 
aminopropyltriethoxy silane in substantial accordance with the 
procedure described in £. C h roma t.oqraphy 22:33 (1974) , 

incorporated herein by reference. v . „ <lt 10% Micro 

Thus, the slides were cleaned by soaking an 10% Micro 
detergent (Baxter) , individually scrubbed, and immersed in 
deionized water. The slides were then subjected to a 10 minute 
sonication in a 70-c solution of 10% Micro 

ten times with deionized water. This process was * 
ten T-uue solution of 10% (w/v NaOH. 

three minute immersion in a 70 C solution v 

_ . h-T1 rinsed ten times with deionized water, and 
The Slides were then rinsed ten t ^ 

then immersed for one minute in 1% HQ. The si subiected 
again rinsed ten times with deionized water, and «"^* 
to another 10 minute sonication in 70 deionized water, after 

. ^ . T-hree to four times in deionized 

which the slides were rinsed three to rour 

water. The slides were then ethanol rinsed and dried with 
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nitrogen or argon. .The slides were then inspected visually for 
spots and scratches in a yellow light with a black background, 
and any slides that were scratched or spotted or that still 
retained the anti-scratch coating were either discarded or 

r 

An alternate or additional cleaning procedure is 
carried out as follows. The slides are loaded into teflon 
racks and subjected to a thirty minute immersion in a solution 
composed of Mochromix (Aldrich) with 36 g/I, of concentrated 
sulfuric acid (which can be regenerated if discolored) that has 
been filtered (glass fifcer filter) to remove particulate 
matter. Occasional agitation is provided during the thirty 
minute immersion step. The. slides are then rinsed for one 
minute in deionized water with vigorous agitation. Tne slides 
are then placed for ten minutes in a rinse tank with 14 psi 
argon or nitrogen bubbling, a full open deionized water tap, 

and occasional agitation. 

The slides are then immersed for three minutes in a 
70 "C solution of 10% (w/v) NaQH, followed by a one minute rinse 
with deionized water and vigorous agitation, followed by a ten 
minute rinse in a rinse tank. The slides are then immersed for 
one minute in 1% HC1 and then rinsed for five minutes in a 
rinse tank. The slides are then ethanol rinsed, dried with 
nitrogen or argon, and inspected visually for spots and 
scratches. 

The t-BOC amiitopropyl derivatization is carried out 
as follows. The slides are loaded into plastic staining jars, 
with about nine slides per jar. Preferably, the slides are 
completely dry when placed in the staining jars, and the 
silation reagents are added as follows. The silation reagent 
is a premised solution of a 1:10 molar ratio of t-BOC- 
amtoopropyltriethoxysilanetmetbyltriethoxysilane (i.e. , 1 mL of 

t-BOC-aminopropyltriethoxysilane and 5.86 ml* of 
methyltriethoxysilane, which is kept anhydrous and stored under 
argon) . The silation reagent is diluted to 1% (v/v) in 
dichloromethane (DCM) , mixed well, and 60 mL of the diluted 
silation reagent are added to each jar. The jars are capped 
and incubated overnight at room temperature. Then, the slides 
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35 



arc removed from the jar, rinsed first with DCM and then wxth 
toluene and then dried immediately with argon. The slides are 
then loaded onto glass drying racks, inspected for streaks, . and 
allowed to stand for approximately thirty minutes. The slxdes 
are then baked for one hour in a 100-0 oven with the glass 
racks in metal trays covered with foil. The oven should be no 
hotter than 110<>C. The slides are then cooled and optionally 

numbered With an engraving tool. 

• The slides, prepared as described above, were then 
incubated at room temperature in a solution of 50% 
trif luoroacetic acid/50% DCM for forty minutes to remove the t- 
BOC protecting group. After being washed sequentially with DCM 
and then twice with a solution of 5% diisopropylethylamxne 
(DIEA) in methylene chloride for 5- minutes each wash, the 
slides were then washed with methylene chloride, then with 
ethanol, and then the slides were dried with argon. The slides 
were derivatized within one hour of drying. 

n Prepare™ ^ wi t™ ™™*-^lth i ol propionic Acid 

Nitroveratrylthiolpropionic acid was prepared in 
substantial accordance with the protocols set forth in 

*. „t ,1 rvrfc 1970. J. Am. Chem . Soc . 92(21) : 6333- 
Patchornik et al . , 21 oct. xs/u, tL- &m 

6335, incorporated herein by reference. 

About 500 mg (0.0018 moles) of bromonitroveratryl 
(NVBr) were added to a solution containing 160 ML (0.0018 
moles) of thiolpropionic acid (HSCH 2 CH 2 C0 2 H) , 6 ml. of 
dimethylformamide (DMF) , and 364 mg (0.0036 moles) ot 
triethylamine (Et 3 N) . After about five minutes, a precipitate 
-(Et 3 N + HBr) formed, and the reaction was deemed complete after 
analysis with thin layer chromatography (TLC in 10% 
methanol/dichloromethane) . The reaction mixture was then 
diluted with 100 mL of methylene chloride and washed with 50 ml, 
of 1 N NaOH. The aqueous phase was separated, acidified with 1 
N HC1 extracted with methylene chloride, and then the organic 
layer' was dried (Na 2 S0 4 ) , and then rotary evaporated to 
dryness. About 0.54 g of nitroveratrylthiolpropionic acid was 
obtained. The product can be further purified by dissolving 
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tHe product in ethanol, adding five volumes of water, and 
collecting the needle-shaped crystals by filtration. 

n n^liM o f «r.^^^^ *M* +*> ********* * 

Surface 

A solution composed of 60 mg of 
nitroveratrylthiolpropionic acid, 70 pi, of DIEA, 29.8 mg of 
HOBT (i-hydroxybenzotriazole hydrate), and 0.2 ml, of DMF was 
mixed at room temperature for 10 minutes with a solution 
composed of 88.5mg of BOP (benzotria^ol-l-yloxytris- 
(dimethylamino) phosphonium hexaf luorophosphate) and 0 . 2 mL of 
DMF The resulting mixture was then diluted with 1-6 mL of 
DMF,- and about 0.5 mL of the resulting mixture was applied to 
each 1« x 3 * slide. The slides were then immersed with a 3 : 1 
(v/v) solution of pyridine-.acetic anhydride with 0.1% DMAP (4- 
climethylaminopyridine) . The resulting slides were then used xn 
the coupling and hybridization experiments described below. 

Tfrrantple 2 

^-. ^ ^ -m^or^ r ^^ ^l^ide tn Snhstrate Surface 
A glass microscope slide- prepared as described in 
Example 1C was mounted on a flow cell and illuminated through 
a 500 Mm x 500 pa. checkerboard-pattern mask (Photo Sciences 
inc. , Torrance, CA) using broad-band W/blue light. This 
pattern was repeated in triplicate on each slide, and the 
il-lumination was carried out so that one region underwent a 
four minute photolysis, a second region underwent a two minute 
hydrolysis, and a third region underwent a one minute 
photolysis. The light source was a 500 W Mercury arc lamp 
(Oriel Model 87330) equipped with a 350 nm - 450 nm dichroxc 
reflector that produced actinic light having an intensity of 12 
mW/cm 2 as measured through a 3S0 nm bandpass filter. The 
derivatized surface was photolyzed in flowing dioxane for 15 
minutes and then rinsed in ethanol and dried with argon. 

About 4.3 mg of fluorescein maleimide (Molecular 
Probe) were dissolved in 10 ml, of warm DMF to obtain a one mM 
solution of fluorescein maleimide. This solution was allowed 
to cool to room temperature, and then the slide was immersed in 
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the solution and incubated at roo» temperature for two hours 
with gentle agitation. The slide was then removed ^ 
solution and rinsed sequentially with DM*, ethanol ^ylene 
Chloride, and again with ethanol. and then the slide was dried 

with argon. _ 

The slide was examined with a scanning fluorescence 

horoscope (Zeiss AxiosJcop equipped with a Newport Model PM5 00- 
C motion controller, a Spectra-Physics Model 2020 argon-xon 
Xaser producing a 488 nm excitation light; and a 520 nm long- 
pass emission filter) interfaced with a photon-countxng device 
(Hamamatsu Model 9403-02 photomultiplier; Stanford Research 
systems Model SR445 amplifier and Model SR430 multichannel 
scaler, IBM compatible PC) to generate a two-dxmensxonal xmage 
consisting of fluorescence intensity data as a function of x,y 
position. The results of this analysis revealed the pattern of 
illuminated and dark squares expected from the fluorescein 
m aleimide coupling to the deprotected thiol groups xn the 
illuminated squares. This experiment demonstrates that the 
photochemically protected thiols are competent for couplxng to 
a maleimide-containing compound after photodeprotectxon. 

y.vamp le 3 

~* m< rTO1R i e oti ^ with Thi ol -reactive 
^n, T c i-_a sub "^^^" Surface 
This example shows the results of a test for the 
effectiveness of several different thiol-reactive groups that, 
when attached to an oligonucleotide, enable covalent couplxng 
to thiol-derivatized glass slides. 

• A 5 • -f luoresceinated 3'-C6-amino oligonucleotxde 
probe (designated CAP2, which was prepared using the Clonetech 
reagent 3 • -C6-amino-modif ier-CPG) was activated with the 
following heterobifunctional reagents: (1) succinimidyl 
bromoacetate (BrAc-NHS) ; (2) succinimidyl iodoacetate (lAc- 
NHS). (3) succinimidyl 6-( (iodoacetyl) amino) hexanoate (SIAX) ; 
( 4) succinimidyl 6- (6- (( (iodoacetyl) amino) hexanoyl)amxno)- 
hexanoate (SIAXX, ; and (5) succinimidyl 6-maleimidylhexanoate 
(EMCS) . The activation reactions were carried out xn separate 
reaction mixtures containing: 0.2 mM oligonucleotide; 0.25 M 
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Na borate, pH = 8.3; 40 m* of one of the five NHS esters listed 
above; 24% acetonitrile ; and 24% DMF, typically in a total 
volume of 200 yL The reaction was incubated at 25 *c for 30 
ndnutes, and the resulting modified oligonucleotide was 
desalted on a G-25 spin column (unbuffered water) and then used 
without further purification at a concentration of about 100 y* 
(determined spectrophotometries) . Polyacrylamide gel 
electrophoresis assays after quenching- with a fluorescent thiol 
indicated that about 75% of the oligonucleotides were modified 

in the reaction. 

The modified oligonucleotides were applied at a 

concentration of about 100 pK in unbuffered water to a freshly 

photolyzed thiol-containing slide prepared as described in 

Example 1. About 5 jO, of each oligonucleotide were applied to 

each well on the slide. The wells were created on the slide 

using a -twelve well template with O-rings to seal the template 

to the slide. After each oligonucleotide was added to a well, 

about 5 ftl. of a buffer solution composed of 100 mM HEPES, pH - 

8 0 5 mM EDTA, and 5 mM DTAB (dodecyl trimethyl ammonium 

bromide) were added to each well to initiate the reaction. The 

reaction mixtures were incubated at room temperature for four 

hours in the dark, and then the wells were rinsed with water 

and the slide was removed and washed in a solution composed of 

2%- SDS in Tris-buffer at pH = 8 at 65 °C overnight. The slides 

were then washed with water and ethanol, then dried. Surface 

fluorescence on the- slide was then imaged using a scanning 488 

nm laser induced fluorescence microscope . Average fluorescence 

intensities per pixel in the immobilization sites were used as 

a measure of oligonucleotide binding (covalent coupling to 

surface thiols). • n 

The results of the scanning are presented graphically 

in Pig- 1. The results show that none of the haloacetyl 
activating groups enhanced binding significantly above the 
background non-specific binding but that the maleimide. 
activating group CEMCS) enhanced binding five-fold over 
background non-specific binding. These results do not indicate 
that the other activating groups tested (including cyanunc 
chloride, tested in a separate experiment) are unsuitable for 
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coupling to the substrates of the invention but xnstead 
indicate that of the activating groups tested, the malexmide 
activating group is preferred under the conditions employed. 

5 ^inir -n r ^ M a1 .^ido-r,n-ivat^ QUqnnucleotides 

t - surf r °* Varion* Additives 

This example shows the results of the addition of a 
variety of additives on the coupling efficiency of a maleimide- 
10 activated, 5 • -f luoresceinated oligonucleotide to thxol- 

derivati 2 ed slides. In this example, the 5-fluorescexnated 
3 -C6-amino oligonucleotide was activated with succxnxmxdyl 6- 
ffi aleimidylhexanoate and applied to a freshly photolyzed slxde 
as a solution in water in substantial accordance wxth the 

15 procedure set forth in Example 3 . 

- Each different additive was added to the coupling 
initiation buffer (100 mM HEPES, P H = 8.0, 5 mM EDTA, and the 

additive) . After the coupling reaction, the slides were washed 
and scanned as described in Example 3. The results of the 
20 scanning are presented graphically in Fig. 2. The results show 
that the anionic, zwitterionic, and neutral detergents dxd not 
appear to enhance coupling efficiency; the salts TMAC 
(triinethylammonium chloride) and LiCl gave a moderate 
enhancement in coupling efficiency; and the cationic detergent 
25 DTAB caused a large enhancement in coupling efficiency at 
relatively low concentrations (2.5 mM; at hxgher 
concentrations, greater than 10 mM, the oligonucleotide 
precipitated) . Other additives of interest include compounds 
such as spermidine, spermine, polyamines, polyethylenexmxne, 
30 and other cationic detergents similar to DTAB, and other salts 
similar to LiCl. 

rev-ample 5 

~ Y v^,^ 0 n of Unnni n .rio- to Immobilize m i ^nucleotide 
3S two glass slides prepared in accordance with the 

procedures set forth in Examples 3 and 4 were tested for 
ability to hybridize specifically with a complementary 
oligonucleotide. The two slides differed with respect to the 
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additive present during the coupling reaction; one slide was 
coupled to oligonucleotide in the presence of LiCl, the other 

in the presence of DTAB. . 

The slides were prehybridized individually in heat 

5 sealed bags at 56°C with a solution composed of 6X SSC, 6X 
Denhardfs solution, 0.5% SDS, and 100 /tg/nl. of sheared, 
denatured, salmon sperm. OKA. The hybridization reaction 
carried out at 3S.5-C (T M minus 5-C> in prehybridization buffer 
containing 1 pmole of a 32 P-end labeled 60mer probe (specific 

10 activity of 1.5 x 10* CPM//xg) containing a 30 nucleotide 
segment perfectly complementary to the covalently coupled 
oligonucleotide probe. The hybridized slides were evaluated in 
a beta plate counter and by autoradiography. 

The results showed that the labeled probe hybridized 

15 specifically to the covalently coupled oligonucleotide with 
very little background. 

^ample 6 

^^.^lo. of Acicte t-n OlicTonucleotide>deT-ivati ge d 

ftiibs-fcrat^ Surface 
The slides hybridized to labeled probe in accordance 
with the procedure of Example 5 were washed three times with a 
100»C solution of 0.01% SDS. -Che slides were then allowed to 
expose XAR film overnight at -70 °c to determine whether the 
25 labeled probe had been removed. The results showed complete 
removal of the probe from all but two sites, which showed only 
weak signal. 

Rehybridization with the labeled probe of Example 5 
was carried out using the Stratagene Qwik-Hyb™ hybridization 
30 accelerator solution following the package insert directions. 
Other hybridization acceleration reagents that can be employed 
in the method of the present invention include Al protein, RecA 
protein, SSB, dextran sulfate, ficoll, phenol, and detergent. 
Prehybridization was carried out for 15 minutes at 53.5-C, and 
35 then 100 iiL of 10 mg/WL salmon sperm DNA was added to the 

slides together with 10 fiL (one pmole) of the labeled probe. 
The hybridization reaction was carried out at 53.5»C for one 
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hour. The slides were washed and then allowed to expose XAR 

film overnight at -70 °C. 

The results showed that the slides to which 
oligonucleotide had been coupled in LiCl gave an even stronger 
signal than after the first hybridization and that the slides 
to which oligonucleotide had been coupled in DTAB gave a weaker 
but still clear signal than after the first hybridization. 
Both slides showed very little background signal. 

Example 7 

o r ^<Ho H vur-idiza l -inn " f Nucleic Acids to Immobilized 

m •i gnpiicleotj rie Probe Array 
A slide prepared as described in Example 1 is 
photolyzed under dioxane and then rinsed with ethanol and dried 
under a nitrogen stream. The slide is clamped to a template 
that forms a well over the photolyzed area, and 20 /zL of a 
100 /xM solution of 3'-EMCS-activated probe CAP2 
( 5 ■ -CCAACTCTTTTTCCGAAGGTAACTGGCTTC [SEQ. ID NO. 1]) in 
unbuffered water and HEPES/EDTA/DTAB buffer are added to the 
well. The slide and template are then incubated at room 
temperature for two hours, the reaction is quenched by the 
addition of N-ethyl maleimide, and the slide is rinsed 
liberally first with water and then with dioxane. The slide is 
then re-photolyzed to activate a different region on the slide 
and then coupled to 3 • -ECMS-activated probe CAPS <5« - 
GTTCCGCAGGTTCTCTCG- GTCAGTCTGTGC [SEQ. ID NO. 2]). After the 

coupling reaction is quenched as before, the slide is rinsed 
with water and then washed for 12 hours in a 65 °C solution of 

2% SDS • 

The slide is then hybridized to a first labeled 
target nucleic acid complementary to probe CAP2, and the 
specificity of hybridization is determined. The slide is then 
washed to remove the labeled target nucleic acid, and a second 
labeled target nucleic acid complementary to probe CAPS is 
added, and the specificity of hybridization is determined. The 
results demonstrate that the methods and reagents of the 
invention provide a very sensitive and specific assay for 
target nucleic acid sequences. 



PCT/US93/03767 

WO 93/22680 



28 

SEQUENCE LISTING 



(1) GENERAL INFORMATION i 

m APPLICANT: McGall, Gleftxi H. 

Sheldqn, Edward I. * 

(iii) NUMBER OF SEQUENCES: 2 
(iv) CORRESPONDENCE. AD^ff; „ Smith 

1 . (A) - ADDRESSEE! plJ? Steuart Tower, Suite 200O 

(B) STREET: One Market Pia?a f &wu 

(C) CITY: San Farancisco 

CD) STATE: California 

CE) COUNTRY: USA 

CF) ZIP: 94X05 

rvY COMPUTER READABLE FORM: 

( 1 (A) MEDIUM TYPE: Floppy disk 

Ci COMPUTER: IBM PC WP^gg*^ 

\C) OPERATING SYSTEM: PC-DOS/MS DOS #1 ^ 

CD) SOFTWARE: Patentm Release fi. , 

fvil CURRENT APPI^CATIO^ATA* 
1 (AyACTIJCATIOH NUMBER: US 

CBV FILING DATE: 04/24/92 

CC) CLASSIFICATION: 

(ix) TE^COMMOHICATION ^OM^IW: 
K ' /A1 TELEPHONE: 415-543-960O 
( B) TELH?AX: 415-543-5043 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

CA) LENGTH: 30 base pairs 

CB) TYPE: nucleic acid 

CC) STRANDEDNESS : single 

CD) TOPOLOGY: linear 

Cii) MOLECULE TYPE: DMA (genomic) 

( xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CCAACTCTTT TTCCGAAGGT AACTGGCTTC 
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(2) INFORMATION FOR SEQ ID "0:2: 

m SEQUENCE CHARACTERISTICS: 

(1) ^ifLENGTH: 30 base Paxrs 
in) TYPE: nucleic acxa 
( ( C) STRAHDEDNESS: single 
(D) TOPOLOGY: linear 

MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2 
GTTCCGCAGG TTCTCTCGGT CAGTCTGTGC 
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WHAT IS CLAIMED ISr 

1. A method for forming predefined regions on a surface of a 
solid support, the predefined regions capable of selectively 
immobilizing a biological polymer, the method comprising: 

a) attaching to the surface a compound carrying a thiol 
group, which thiol group is covalently coupled to a 
photochemically removable protecting group; and 

b) selectively irradiating the predefined regions of the 
surface to remove said photochemically removable protecting 
group from said thiol group in the predefined regions. 

2. The method of claim 1, wherein said solid support is 
selected from the group consisting of polymerized Iangmuir 
Blodgett film, functionalized glass. Si, Ge r GaAs, GaP, Si0 2 , 
SiN 4 , modified silicon, (poly)tetrafluoroethylene, and 
(poly)vinylidenedifluoride solid supports. 

3. The method of claim 1, wherein said photochemically 
removable protecting group is selected from the group 
consisting of 6-nitraveratryloxycarbonyl, 

dimethyldimethoxybenzyloxycarbonyl , nitrobenzyloxycarbonyl , 
5-bromo-7-nitroindol inyl , o-hydroxy-alpha-methyl-cinnamoyl , 
methyl 6-nitroveratryloxycarbonyl , methyl-6- 
nitropiperonyloxycarbonyl, and 2-oxymethylene anthraquinone, 

4. The method of claim 1, wherein said solid support is a 
functionalized glass slide and said photochemically removable 
protecting group is 6-ntrbveratryloxycarbonyl. 

5. The method of claim 4 c wherein said functionalized glass 
slide has been functionalized by treatment with t-BOC- 
aminopropyltriethoxysilane . 

6. The method of claim 4, wherein said compound carrying a 
thiol group is nitroveratrylthiolprbpionate. 
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7 The method of claim 4 , which method further comprises 
coupling an activated oligonucleotide to said thiol group in 
said predefined regions. 

8. The method of claim 7, wherein said functionalized glass 
slide has been functionalized by treatment with N-BOC- 
aminopropyltriethoxysilane and said compound carrying a thiol 
group is nitroveratrylthiolpropionate. 

9. The method of claim 7, wherein said activated 
oligonucleotide has been activated with succinimidyl 
6-maleimidylhexanoate . 

10. The method of claim 8, wherein said coupling step is 
carried out in the presence of a cationic detergent. 

The method of claim XO , wherein said cationic detergent is 



11. 
DTAB. 
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